A potent anti-idiotype serum produced in a rabbit immunized with the isolated heavy chains of an IgM cold agglutinin "Col" was rendered specific by solid-state adsorptions. The anti-Col idiotype was shown to bind specifically to both isolated Col heavy (mu) and light (kappa) chains as well as to intact Col IgM by three methods: (i) reversal of anti-idiotype inhibition of Col cold agglutinin in an automated hemagglutination-inhibition assay system; (iB) adsorption of the anti-idiotype by affinity gels consisting of Col IgM, mu, or kappa chains covalently coupled to Sepharose 2B; (iii) binding of Col IgM and its isolated chains by an antiidiotype affinity gel. Fragments of Col light chain lacking constant region determinants but still capable of inhibiting anti-idiotype were produced by limited pepsin digestion of the light chains. The finding of shared idiotypic determinants on isolated heavy and light chains of a monoclonal antibody suggests that these chains share a common sequence in a hypervariable region. As an extension of the gene insertion theory of Wu and Kabat, we postulate that genes coding for hypervariable regions may be available for insertion into the DNA for both heavy and light chains.
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Interest in idiotypic determinants as markers of the variable region of immunoglobulins and as probes of the antigenbinding site has been generated by recent studies demonstrating: (i) localization of an idiotypic determinant to the variable region (1), (ii) hapten inhibition of anti-idiotype reactions (2) (3) (4) , and (iii) a correlation of shared or cross-idiotypy with specificity (5, 6) . Most anti-idiotypic sera used in such studies have been produced against the intact antibody. We report here the characterization of an anti-idiotype serum produced by immunization with the heavy chain isolated from a monoclonal IgM kappa cold agglutinin. This anti-idiotype is shown to bind specifically to the intact cold agglutinin and to its separated mu chains and kappa chains. Furthermore, the feasibility of isolating small fragments of the variable region bearing the idiotypic determinant is explored by: (i) showing retention of the idiotypic determinant in the variable-region-enriched fraction of a pepsin digest of light chain, and (ii) preparation of an anti-idiotype affinity gel that specifically binds the idiotypic cold agglutinin and its separated chains.
MATERIALS AND METHODS
Immunoglobulin Preparations. The principal cold agglutinin used in this study was purified from the serum of a patient "Col" with long-standing chronic cold hemagglutinin disease (7) . Purification involved 40 adsorption and 370 elution from red cell stroma followed by Sephadex G-200 filtration (8 Four Waldenstr6m IgM proteins (three IgM-K, one IgM-X) were purified as described (11) . The normal IgG was prepared from a pool of the sera from 50 normal donors by ammonium sulfate precipitation and DEAE-cellulose chromatography (12) . IgG from patient Col was similarly purified.
The Col IgG showed no hemagglutinating activity and was free of IgM (<0.1%) as judged by an automated assay for mu chains (13 (16) , and radioactivity were monitored throughout.
Antisera. Two rabbits were hyperimmunized with isolated mu heavy chains from purified Col cold agglutinin, twice in complete Freund's adjuvant (footpads), and twice with alum-precipitated heavy chains (subcutaneous). Anti-kappa and anti-mu were prepared as described elsewhere (13) .
Preparation of Affinity Gels. Affinity gels were prepared by coupling proteins to Sepharose 2B activated with CNBr by the method of Porath et al. (17) . Approximately 90% of each respective protein was bound, resulting in approximately 1 mg of coupled protein per ml of packed gel.
Automated Hemagglutination-Inhibition Assay. Antiidiotypic activity or inhibition of this activity was quantitated by a continuous-flow automated hemagglutination system employing the Technicon AutoAnalyzer (13) . This method is based on the ability of small amounts of the antiidiotype to inhibit specifically and quantitatively hemagglutination of human erythrocytes by Col cold agglutinin at 40. The percent inhibition of a standard amount (100 ng) of purified Col cold agglutinin by serial dilutions of anti-idiotype was quantitated by comparing the residual hemagglutination with that given by serial dilutions of the Col standard alone.
That dilution of rabbit anti-idiotype serum that gave approximately 80% inhibition of the 100 ng of Col cold agglutinin was used in the reversal of inhibition assay to measure the idiotypic antigen on soluble or affinity-gel-bound proteins. This was measured by pre-incubating the diluted antiidiotype antibody with the test and control soluble or gelbound proteins. An aliquot of each solution was then tested for the remaining anti-idiotype activity, using the hemagglutination-inhibition assay. Reduction of inhibition by proteins bearing the idiotypic antigen could be measured accurately and was proportional to the amount of these proteins present in the pre-incubation stage of the assay. Mu and kappa chains were quantitated by analogous hemagglutination-inhibition methods previously described (13 Pepsin Digestion. Col light chains at 0.8 mg/ml in 0.025 M sodium acetate buffer (pH 4.5) were digested with pepsin at a substrate-to-enzyme ratio of 175:1 (wt/wt) at 370 (18) . Aliquots of the digest were taken at intervals and the digestion was stopped by adding a small amount of saturated Na3PO4 solution to raise the pH to 8.2 and by cooling the solutions to 40.
RESULTS
Preparation of Anti-Idiotype. The presence of anti-idiotypic antibodies in the serum of one of two rabbits immunized with heavy chains from the IgM cold agglutinin of patient Col was first indicated by the marked spurring obtained when this unabsorbed serum was tested by the Ouchterlony immunodiffusion assay against Col serum or purified cold agglutinin and a battery of approximately 30 other cold agglutinins and Waldenstr6m IgM proteins, some of which are shown in Fig. 1 . Specific anti-idiotypic serum was produced by successive adsorption of the rabbit serum with affinity gels to which the following proteins were covalently bound: (a) pooled purified Waldenstrom IgM proteins, (b) pooled Waldenstrom isolated mu chains, (c) IgA cold agglutinin which, like Col, has kappa IV light chains (19) .
Purification of Heavy and Light Chains. The reduction and alkylation of Col cold agglutinin consistently gave a clean separation of heavy and light chains (Fig. 2) . In an alkylation performed with iodo[14C]acetamide, the plot of radioactivity matches closely the protein distribution, giving a ratio of radioactivity in the heavy chain peak to that in the light chain peak of 3.3:1. This ratio is close to the 4:1 expected from selective cleavage of interchain disulfide bonds; moreover, any incomplete separation of heavy and light chains or inclusion of light chains in the mu pool would raise the anticipated ratio rather than lower it. Pools from each peak were analyzed for purity by sodium dodecyl sulfate polyacrylamide electrophoresis (20) . A single sharp band for protein and radioactivity was observed for the respective pools in the anticipated positions. Furthermore, using an automated anti-kappa assay, we found only 0.25% contamination of the heavy chain pool by kappa chains. Isolated Col kappa chains were used as standards and gave results comparable to other kappa chains. This assay was capable of accurately measuring nanogram amounts of Col kappa chains in artificial mixtures with 3 qg of Col heavy chains, in addition to being able to detect kappa chains as part of intact IgM.
Binding of Anti-Idiotype to Soluble Immunoglobulins. To attempt to detect and measure the Col idiotypic antigen on various immunoglobulins, cold agglutinins, and isolated heavy and light chains, we used an assay described above based on reversal of the anti-idiotype inhibition of Col IgM cold agglutinin.
The results summarized in Fig. 3 show potent reversal of the hemagglutination-inhibition by the heat-inactivated homologous Col IgM and by the isolated Col mu and kappa chains. In contrast, much larger amounts of other heat-inactivated cold agglutinins and their isolated mu and kappa chains essentially lacked the idiotypic antigen, as did the pool of four Waldenstrom proteins and their isolated heavy and light chains (Fig. 3) . One hundred micrograms of the kappa IV Bence-Jones protein Len (21) , provided by Drs. Donald Capra and Alan Solomon, also failed to inhibit the anti-idiotype (data not shown in Fig.' 3) , whereas this protein gave the expected inhibition of the anti-kappa in our automated anti-kappa assay (13 (Fig. 2) was not possible because the specific activity of these chains was too low. We therefore used (22) . The thrust of these studies has been to demonstrate sharing of idiotypic antigens in relation to structural similarities in the antigen combining sites. In our work, we have used a different approach. By immunizing a rabbit with the isolated heavy chain of anti-i cold agglutinin Col, rather than the intact antibody, and by rendering the anti-idiotype as specific as possible by adsorbing not only with Waldenstrom IgM and Waldenstr6m mu affinity gels but also with affinity gels containing an anti-I and an anti-i cold agglutin- Control chains failed to block the binding. The fact that isolated Col mu and kappa chains, or affinity gels made from each chain type, can completely bind the anti-idiotype excludes the possibility that our antiserum consists of a mixture of anti-idiotypes specific for the Col mu and kappa chains, respectively. Also numerous structural studies (8, 10, 2t3, 24 , and unpublished studies) all discount any bizarre chain structure for the Col cold agglutinin.
We did find some idiotypic antigen on purified Col IgG light chains. It is possible that excess cold agglutinin kappa chains have combined with some gamma chains or that a clone of cells has arisen which is producing the homologous kappa chains along with gamma chains lacking the idiotype. It is of interest that Cazenave et al. report a similar finding of idiotypic antigen on immunoglobulin without detectable antibody function (25) .
Our interpretation of these unique findings is as follows: The Col cold agglutinin mu and kappa chains have a very similar or identical segment of amino acids, absent in the majority of all other immunoglobulin chains, which determines the shared idiotypic antigen. We favor the attractive hypothesis that this shared variable region sequence is in one of the hypervariable regions of both the mu and the kappa chains. There has been increasing support (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) recently for the gene insertion hypothesis of Wu and Kabat (36) . This hypothesis postulates that the hypervariable regions of immunoglobulins are encoded by distinct genes that are inserted into the DNA coding for the relatively invariant "framework" portions of the variable region. Since the constant region is encoded by another group of genes, this hypothesis envisions at least three groups of genes for each chain. By extending this hypothesis to allow access of both heavy and light chain variable regions to a common dictionary of hypervariable genes, we would explain our findings and reduce the necessary number of entries in the total hypervariable gene dictionary.
Our hypothesis is susceptible to direct analysis. We have large amounts of this purified cold agglutinin, sufficient for sequencing the entire variable region of each chain. In addition, it may be possible to isolate subfragments of each chain bearing the idiotypic antigen, using our anti-idiotype affinity gel. Through the use of these approaches it should be possible to characterize the Col idiotypic antigen chemically and to define its position in both the heavy and light chains.
